The density (ρ), viscosity (η) and ultrasonic speed (U) (2MHz) of chloroform, THF, ethyl alcohol, ethyl acetate, 1,4-dioxane and 1,1'-binaphthalene-2,2'-diyl diacetate (DBNA) solutions have been determined at 308.15 K. Various acoustical parameters namely specific acoustical impedance (Z), adiabatic compressibility (κ a ), Van der Waals constant (b), intermolecular path length (L f ), internal pressure (π), Rao's molar sound function (R), relaxation time (τ), classical absorption coefficient (α/f 2 ) cl and solvation number (S n ) have been derived from ρ, η and U data and correlated with concentration (C). A fairly good to excellent correlation has been observed between a particular parameter and C. Linear increase of Z, R, b, (α/f 2 ) Cl and τ (except EA) (R 2 = 0.90 -0.999) and linear decrease of κ s , π and L f (R 2 = 0.947 -0.995) with C supported existence of powerful molecular interactions in the solutions and further supported by nonlinear increase of S n with C. A fairly constant Gibbs free energy of activation has been observed in all the solvent systems studied.
Introduction
Novel materials with controlled stereochemistry have found numerous applications. 2,2'-Substituted 1,1'-binaphthyl systems have been found extensively useful because of their stable conformation 1 . (R) or (S) -BINOLS have often been used as the starting materials for obtaining chiral binaphthyl compounds, leading to a variety of binaphthyl derivatives, which can exhibit remarkably stable chiral configuration as well as high chiral induction in many asymmetric processes 2 .
The measurement of speed of sound in liquid mixtures and solutions has also been found to be important tool to study the physicochemical properties of the mixtures and solutions 3 . The density, viscosity and speed of sound provide important information about molecular packing, molecular interactions and their strength influenced by the size, shape and the chemical nature of component molecules [4] [5] [6] . The measurements of physical properties such as density(ρ), refractive index (n), coefficient of viscosity(η), ultrasonic velocity (U), molar sound velocity or Rao's number(R), molar volume (υ f ), adiabatic compressibility (β), characteristic acoustic impedance(Z), inter molecular or free length(L f ), free volume (V f ), available volume(V a ) play an important role in sound transmission in different organic solvents and solutions.
To our knowledge no work has been reported on acoustical properties of BINOL derivatives except our recent publication 7 . In present work an effort has been made to understand molecular interactions in 1,1'-binaphthalene-2,2'-diyl diacetate (DBNA) solutions at 308.15 K.
Experimental
Solvents used in the present study were purified prior to their use 8 . 1,1'-Bi-2-naphthol (DBN) was synthesized by free radical coupling reaction of 0.05 mol 2-naphthol (in 300 mL water) using FeCl 3 (14 g in 30 mL water) as a catalyst at 60 o C for 15-20 min. DBN was crystallized at least three times from toluene and methanol-water systems (yield 55.9% and mp 218 o C). DBNA was synthesized by condensing 0.055 mol DBN in 60 mL of 10% sodium hydroxide and 18.4 mL acetic anhydride at 0-5 0 C for 30 min. The separated product was filtered, washed well with water and dried at room temperature. DBNA was crystallized three times from methanol-water. The yield was 98.6% and mp 56 0 C. Stock solutions of DBNA were prepared in selected solvents. From stock solutions, a series of solutions were prepared. The density (ρ), viscosity (η) and ultrasonic speed (U) measurements of pure solvents and solutions were carried out at 35 o C using specific gravity bottle, Ubbelohde suspended level viscometer and Mittal Enterprise Interferometer (New Delhi, Model No F-81) operating at 2 MHz, respectively. The ρ, η and U measurements were accurate to ±0.0001 g cm -3 , ±0.01 mPa s and ±0.15%, respectively.
Results and Discussion
The experimental data on ρ, η and U of pure solvents:
Chloroform (CF), tetrahydrofuran (THF), ethyl alcohol (EtOH), ethyl acetate (EA), 1,4-dioxane (DO) and DBNA solutions at 308.15 K are summarized in Table 1 . The observed trends in ρ, η and U are CF > DO > EA > THF > EtOH; DO > EtOH > CF > EA > THF and DO > THF > EtOH > EA >CF, respectively. From Table 1 , it is observed that ρ (decreased in CF), η (decreased in EA) and U increased linearly with increasing concentration (C). The observed variation in ρ with C is little, while it is considerable for η and U. Linear variation of ρ, η and U with C confirmed existence of powerful molecular interactions in the solutions. Variation in ρ and U with C is not as appreciable as η because molecular motion is much more affected by solvent-solute interactions 9, 10 . Because of molecular interactions the structure of the solute is modified and hence physical properties change accordingly. The density, viscosity and ultrasonic speed are inherent structural properties of the materials. The least squares equations along with regression coefficients (R 2 ) are summarized in Table 2 from which it is observed that a fairly good to excellent correlation is found between said parameters and C (0.904 -0.999). Various acoustical parameters namely specific acoustical impendence (Z), adiabatic compressibility (κ a ) , Rao's molar sound function (R), Van der Waals constant (b), intermolecular free path length (L f ), internal pressure (π), relaxation time (τ), classical absorption coefficient (α/f 2 ) cl and solvation number (S n ) were derived using ρ, η and U data according to our recent publications 7, 11, 12 and correlated with C. The least squares equations along with regression coefficients are summarized in Table 2 . A fairly good to excellent correlation is observed between a given parameter and C. When ultrasonic waves are incident on the solution, the molecules get perturbed. Since the medium has some elasticity and hence perturbed molecules regain their equilibrium positions. When a solute is added to a solvent, its molecules attract certain solvent molecules towards them. This phenomenon is known as compression. Every solvent has a limit for compression and is known as limiting compressibility. Generally κ s decreases with C. The decrease of κ s may be due to the aggregation of solvent molecules around solute molecules supporting strong solvent-solute interactions.
According to Jacobson's intermolecular free length theory for liquids, the molecules of the liquid are assumed to be spherical and the average value of the distance that the ultrasonic waves travel between the two molecules is called the intermolecular free path length. Decrease of L f with C further supported solvent-solute interactions. Due to solventsolute interactions, structural arrangement is considerably changed.
The dispersion of U in the system gives information about the characteristic time of the relaxation process that causes the dispersion. According to Eyring rate process theory 13 , variation of τ with temperature (T) can be given by
Where k is the Boltzmann constant, h is the Planck's constant, R is the gas constant, T is the temperature and ∆G * is the Gibb's free energy of activation. Observed τ is due to structural relaxation processes. Rearrangement of the molecules is a cooperative process involving the movement of many molecules around a hole in the system 14 . According to above equation, the value of ∆G * was calculated at different concentrations (Table 3) Depending on the nature of the solvent and solute molecular interactions may lead to contraction or expansion. Internal pressure of a solution is sensitive to molecular interactions namely solvent-solute interactions, quantum mechanical dispersion forces and dielectric forces, which play an important role in transport properties of the solutions. Decrease of π with C suggested decrease of cohesive forces. Presence of molecular interactions in solutions is further supported by nonlinear increase of solvation number (Sn) (Figure 1) . Sn decreased linearly with C in THF and increased nonlinearly with C in CF and EtOH, while it decreased nonlinearly with C in DO and EA. Molecular interactions are influenced by the nature and structure of the solute, pressure, concentration, nature of the substituent, etc. The presence of polar substituent in the solute molecules lead to enhanced molecular interactions. Solvation causes compressibility of the molecules. Thus solvation is a measure of structure forming or breaking tendency of the solutes. The dipole-dipole interactions of the opposite type favor the structure formation; while of the same type disrupt the structure formed previously. In the present case positive values of Sn indicated predominant dipole-dipole interactions of the opposite type. In conclusion, derived acoustical parameters suggested the presence of strong molecular interactions in the solutions. DBNA possesses structure forming tendency in all the solvent systems. 
